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ABSTRACT

International Journal of Exercise Science 15(4): 1326-1346, 2022. This study compared an expert supervised,
fully resourced physical training (PT) program compared to a traditional physical training PT plan on Army Officer
Candidate School (OSC) soldier fitness outcomes. This retrospective cohort study compared 228 OCS soldiers (179
male [26.74±3.78 years] and 49 female [26.55±4.18 years]) in two companies for 12 weeks. One company participated
in a fully resourced PT program designed by fitness experts to improve overall fitness and mobility (TAP-C). One
company participated in traditional physical training designed to excel on the Army combat fitness test (ACFT,
includes deadlift, power throw, push up, sprint-drag-carry, core strength, run) developed and led by OCS soldiers
with standard resources. We assessed performance on the ACFT events, and grip strength, standing broad jump,
overhead squat, and 90/90 switch assessment. Analysis of covariance was used to compare main effects of company
on ACFT measures, controlling for covariates of pretest score differences and sex. Results included a significant
effect of group on ACFT performance (N=228), F(1, 223) = 12.8, p<0.001 and on performance of five of the six ACFT
events: MDL, F(1, 223) = 5.44, p = 0.021; HRP, F(1, 223) = 11.67, p < 0.001; SDC, F(1, 223) = 20.06, p < 0.001; LTK, F(1,
223) = 16.95, p < 0.001; and 2MR, F(1, 223) = 23.76, p < 0.001. The traditional company performed significantly better
on ACFT muscular, anerobic and aerobic endurance focused events; the TAP-C company performed significantly
better on muscular strength/explosive power events and mobility assessments.
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INTRODUCTION
Members of the United States Army participate in rigorous physical activity as a part of required
training and mission demands (24). The US Army is working to enhance physical training
programs with the goal of improving performance and health while reducing the risk of overuse
and acute injury (16, 27). Fitness programs should address the needs of a diverse soldier
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population, ranging from new recruits to those approaching retirement. Flexible, adaptive, and
well-designed training programs are more likely to be successful with appropriate fitness
facilities that make a wide range of equipment available. In the Army environment facilities also
need to meet a wide-range of work schedule demands in order to be available to all soldiers.
Certified fitness experts have traditionally not been involved in the US Army’s physical fitness
training (7). The planning and executing of unit physical fitness are typically delegated to junior
leaders based on their rank and duty position rather than expertise. The majority of individuals
responsible for unit physical training are not formally educated in exercise science and hold no
widely-recognized fitness certification (7). The idea behind this system is to encourage all
soldiers to have knowledge of fitness principles and to share leadership opportunities and
responsibilities. Physical training plans are based on Army physical fitness doctrine, the
soldier’s own ideas about fitness training, or some combination of the two. Unfortunately,
historically unit training plans are often based on what the unit leader prefers, rather than a
well-designed, goal-based overall fitness plan. The onus of maintaining an appropriate level of
physical fitness is on the individual soldier, irrespective of level of physical fitness knowledge
(7). Additionally, the demand for physical fitness facilities and equipment routinely exceeds the
resources available on most US Army facilities. Soldiers on an installation typically conduct
physical training during similar times (e.g. 6 – 8 am), with all installation soldiers competing for
space and equipment in a limited number of communal gyms.
The US Army reformed its longstanding physical training approach with its publication of the
Holistic Health and Fitness (H2F) doctrine in October 2020 (4, 7, 11). The H2F program is
currently being rolled out across the Army. This doctrine directs that fitness experts, athletic
trainers, physical therapists and dietitians be hired and incorporated into daily physical fitness
training, education programs, and injury treatment and prevention efforts.state-of-the-art
facilities and equipment has been funded and will be made available to soldiers across the force
(7, 11). The most notable change regarding fitness experts is the authorization of one civilian
strength and conditioning specialist for every brigade-sized element (approximately 4,000
soldiers) (7).
Organizations with fitness experts guiding physical training have increased physical fitness
(25, 29), better health, and fewer and less severe musculoskeletal injuries as compared to
organizations without expert involvement (29). Qualified fitness professionals can assist
athletes in preparing for overall physical activity or specific events. Proper preparation can
reduce incidence and severity of musculoskeletal injury. Professionals can also develop longterm programs and guide the overall health and fitness development of individuals or units.
Individuals with less training tend to follow trends or base training programs on their favorite
activities. The addition of experts in psychology and nutrition, athletic training and physical
therapy enable the team to address individual and group challenges. Fitness experts help
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insure a healthy balance of exercises, nutrition and training resulting in a well-balanced and
capable athlete (25, 29).
The Tactical Athlete Performance-Center (TAP-C) on Fort Benning, Georgia is a state-of-the-art
physical training facility established by Fort Benning’s Maneuver Center of Excellence in March
2019 (10). It is fully equipped with strength training equipment and staffed by certified fitness
experts including specialty training in tactical strength and conditioning, coaching, and Army
Master Fitness Trainers. Its mission is to increase lethality through physical dominance and
increase combat readiness by reducing musculoskeletal injuries. When developed the TAP-C
was the only US Army facility with this combination of expertise and equipment to service
conventional Army units. The TAP-C staff is capable of physically training and educating units
of up to 600 soldiers simultaneously. TAP-C exercise programs are tailored to meet the specific
needs of the individual soldier while also training large groups of soldiers. The purpose of this
study was to assess any differences in the training effects between a 12-week fully resourced
physical training program designed by certified fitness experts and a more traditional, lessresourced physical training plan designed and led by OCS soldiers. We hypothesized a fully
resourced OCS company-level physical fitness intervention designed by fitness experts would
increase the scores on all six ACFT events and would increase grip strength, broad jump
distance, maximum pull-up number and improve mobility measures.
METHODS
Participants
The Officer Candidate School (OCS) on Fort Benning has utilized the TAP-C to train soldiers.
Candidates who successfully complete OCS training are commissioned as Second Lieutenants
(33). To evaluate the impact the TAP-C resources on soldier fitness a company of OCS soldiers
was chosen to participate in the TAP-C physical training program, while a second company
continued traditional physical training as usual. TAP-C fitness experts created and implemented
fitness programs for the TAP-C company, with training occurring in a dedicated space free of
resource competition. The traditional company conducted physical training with standard
resources and lead by unit leadership.
This study included 228 (179 male [26.74 ± 3.78 years] and 49 female [26.55 ± 4.18 years]) soldiers
enrolled in OCS at Fort Benning, Georgia, USA. The data of all 228 soldiers were used to
examine Army Combat Fitness Test (ACFT) performance. The ACFT is the required fitness test
of record for all Army personnel. The data of 170 of the 228 soldiers (148 male [26.44 ± 3.72 years]
and 22 female [25.77 ± 4.05 years]) were used to examine a set of additional TAP-C physical
performance measures. The 58 (31 male [28.16 ± 3.76 years] and 27 female [27.19 ± 4.26 years])
soldiers who did not participate in the TAP-C data collection were not available because of
various non-disclosed conflicting requirements. The data for 18 (9 male and 9 female) soldiers
were incomplete and excluded from analysis. This study used archival data from standard
Army assessments. The United State Army Center for Initial Military Training and the Auburn
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University Institutional Review Board approved the study protocol and all procedures from the
Declaration of Helsinki were followed (28).
Protocol
A retrospective cohort study design was used to assess differences in the training effects
between a 12-week fully resourced physical training program designed by certified fitness
experts and a more traditional physical training plan designed and led by OCS soldiers. Fitness
experts were certified strength and conditioning specialists (CSCS), tactical strength and
conditioning (TSAC) professionals, and Army Master Fitness Trainers as well as a sports
psychologist, registered dietician, and a physical therapist. Data was collected by OCS or TAPC personnel trained and credentialed to conduct the ACFT.
Two OCS companies participated physical fitness training programs as a part of the 12-week
course of instruction. One company was assigned as the TAP-C company and the other
company as the traditional training company. The TAP-C company consisted of 112 (86 male
and 26 female) participants, and the traditional company consisted of 116 (93 male and 23
female) participants. The TAP-C company’s physical training was planned, resourced, and
implemented by the TAP-C certified fitness experts. The comparison company conducted
traditional physical training led by OCS soldiers. The training program start dates for the two
groups were offset by 21 days. Both groups participated in 25 group specific exercise sessions
over the 12 weeks. Occupational training activities (soldier skills and tasks) associated with
standardized OCS training requirements and common to both groups (foot marches, unit runs,
field training, and land navigation) were not counted as a physical training sessions. The ACFT
and TAP-C physical test battery (combined mobility assessment, grip strength, standing broad
jump, and maximum pull-ups) were selected to measure physical fitness adaptions because they
collectively provide a comprehensive assessment of participant fitness. Both groups completed
pre- and post-test assessments for all physical performance measures. The specific components
of fitness assessed in each event is outlined hereafter.
Physical Performance Measures
ACFT: The OCS leadership administered the ACFT to participants in accordance with the
standards codified in ATP 7-22.01 Holistic Health and Fitness Testing and descriptions and
pictures below are taken from this doctrine (6). At the time of this study the ACFT consisted of
a 3-repetition maximum deadlift (MDL), 10-pound medicine ball standing power throw (SPT),
hand-release push-ups (HRP), 250-meter shuttle-run (SDC), hanging leg tuck to elbows (LTK),
and 2-mile run (2MR) (5, 6). The ACFT assesses muscular strength, explosive power, agility,
balance, flexibility, anaerobic endurance, muscular endurance, and aerobic endurance (5-7). A
maximum of 100 points per event can be earned, with 600 being the maximum score. The final
ACFT score is the sum of the points earned for the six events.
ACFT Events
ACFT Event 1: Three Repetition Maximum Deadlift (MDL).
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The MDL (Figure 1) is meant to replicate movement patterns necessary to properly lift and move
heavy objects from the ground, such as carrying a litter with a casualty or lifting weighty
equipment or people (14, 15). The MDL measures the fitness components of maximum muscular
strength, balance, and flexibility (14, 15, 18). The MDL requires a steel hexagon bar, bumper
plates (steel weights covered with rubber), and bar collars (metal or plastic clamps that secure
the weights on the bar) to perform (Diamond bar and plates, Sorinex, Lexington, SC, USA) (9,
15). Soldiers executed three deadlift repetitions consecutively to meet the requirements for a
MDL attempt (9) following the Army’s instructions below (15):
Preparatory phase: on the command, “GET SET,” the soldier stepped inside the hex bar, feet
shoulder width apart, and located the mid-point of the hex bar handles. The soldier bent at the
knees and hips, reached down, and grasped the center of the handles using a closed grip. Arms
were fully extended, back flat, head aligned with the spine and heels in contact with the ground.
Each repetition began from this position.
Upward movement phase: on the command, “GO,” the soldier lifted the bar by straightening the
hips and knees in order to reach the straddle stance. The hips did not rise before or above the
shoulders. The back remained straight, not rounded out or flexed. The feet remained in the same
position. The soldier and the weight remained balanced and controlled throughout the
movement.
Downward movement phase: after reaching the straddle stance position, the soldier lowered the
bar back to the ground under control while maintaining a straight back. The bar was placed on
the ground and not dropped. The weight plates touched the ground to complete the repetition.

Figure 1. Illustration of three
repetition maximum deadlift (15).

ACFT Event 2: Standing Power Throw (SPT)
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The SPT ACFT event (Figure 2) is designed to assess the explosive power required to complete
common soldier tasks such as jumping across a ditch, executing a buddy drag, throwing
equipment over an obstacle, throwing a hand grenade, assisting a buddy to climb up a wall,
loading equipment, and employing progressive levels of force in hand-to-hand contact (15). The
SPT measures the fitness components of anaerobic power, balance, and flexibility (14, 15, 18).
The SPT required one hard rubber 10 pound (4/5 kg), 9 inch (22.9 cm) diameter medicine ball
with a textured surface (D ball, Sorinex, Lexington, SC, USA); a 30 meter long measuring tape
measure (PMT3 surveyor’s tape measure, Perfect Measuring Tape Company, Toledo, OH USA)
with meter and centimeter increments; and a visible line marked on the ground (9, 15). The SPT
attempt was executed in accordance with the instructions listed below. The ball’s point of impact
on the ground was marked and measured by a grader given no faults were assessed, instructions
follow (15).

Figure 2. Illustration of standing
power throw (15).

Preparatory phase: The soldier faced away from the throw line, grasped the medicine ball with
both hands at hip level, and stood with heels at the start line. To avoid having the ball slip, the
soldier grasped firmly and as far around the sides of the ball as possible. The soldier may have
grasped under the ball and was allowed to make several preparatory movements, such as
bending at the trunk, knees, and hips while lowering the ball almost to the ground.
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Throwing phase: After the preparatory phase, the soldier moved quickly to throw the ball
backwards and overhead. The soldier must be stationary prior to a throw with no hopping,
stepping, or running to initiate the throw. The soldier may jump to exert more power during the
throw with one or both feet leaving the ground. If the soldier falls or steps onto or beyond the
start line, the grader records the repetition as a zero.
ACFT Event 3: Hand Release Push-Up – Arm Extension (HRP)
The HRP ACFT event (Figure 3) is designed to gauge the upper body muscular endurance
required to sustain common soldier tasks that require repetitive pushing, and reaching from the
prone position (14, 15). The HRP ACFT measures the fitness component of local muscular
endurance (14, 15, 18). Examples of pushing tasks are to push an opponent away during handto-hand contact, push a vehicle when it is stuck, and push up from the ground during evade
and maneuver (15). Examples of reaching tasks are reaching out from the prone position, taking
cover, or low crawling (15). The HRP does not require any equipment.

Figure 3. Illustration of
hand release push-up –
arm extension (15).

Soldiers assumed a prone position with hands situated flat on the ground beneath the shoulders
(14, 15). The body was rigid and in contact with the ground, and the feet were not separate more
than approximately 12 inches (9, 14, 15). The HRP was executed in accordance with the Army’s
following instructions by movement:(15)
Movement 1: On the command, “GO,” the soldier pushed the body up from the ground as a
single unit to fully extend the elbows and move to the up position (front leaning rest).
Movement 2: After reaching the up position, the soldier bent the elbows to lower the body to the
ground. The chest, hips, and thighs touched the ground as a single unit. The head or face did
not have to contact the ground.
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Movement 3: The hand release. Without moving the head, body, or legs, the soldier immediately
moved both arms out to the side, straightening the elbows into the T position. The arms and
hands may touch or slide along the ground during this movement.
Movement 4: The soldier made an immediate movement to place their hands back on the ground
to return to the starting position to complete the repetition.
ACFT Event 4: Sprint-Drag-Carry (SDC)
The SDC ACFT event (Figure 4) is designed to measure soldiers’ ability to accomplish tasks that
are short in duration and high in intensity (14, 15), such as react rapidly to direct and indirect
fire, build a hasty fighting position, and extract a casualty and carry them to safety (15). The SDC
measures the fitness component of anaerobic capacity with the employment of local muscular
endurance, muscular strength and agility throughout the event (14, 15, 18, 23). The SDC required
two cast iron or cast steel 40-pound kettlebells (Sorinex, Lexington, SC, USA), one heavy-duty
nylon sled with pull strap (Spud INC Magic Carpet with straps, Sorinex, Lexington, SC, USA),
two 45-pound rubber weights to place on the sled, and a visibly marked 25-meter lane on grass
or artificial turf (9, 14, 15). The SDC carry is a 250-meter shuttle event completed in five 50-meter
increments with each increment having an associated physical task (14, 15). The 50-meter
increments are completed in two 25-meter lengths, down and back (14, 15). The following five
tasks were completed for 50 meters during the SDC: sprint, 90-pound sled drag, lateral shuffle,
40-pound kettlebell carry, and sprint (14, 15). The starting position was the prone position with
head fully behind the starting line (14, 15).The SDC was executed in accordance with the Army’s
following instructions (15):

Figure 4. Illustration of sprint-drag-carry (15).

Sprint: On the command, “GO,” soldiers moved as quickly as possible from the prone position,
sprinted 25 meters and touched the 25-meter line with the foot and hand, turned, and sprinted
back to the start. If the soldier failed to touch the 25-meter line with the hand and foot, the grader
called them back to do so.
Drag: Soldiers grasped each strap handle on the 90-pound sled and pulled the sled backwards
until the entire sled crossed the 25-meter line. The sled was turned and pulled backward until
the entire sled crossed the start line. If the soldier failed to cross the 25-meter line, the grader
called them back to do so.
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Lateral Shuffle: Soldiers lead with either the right or left foot and performed the lateral shuffle for
25 meters, touching the 25-meter line with a foot and hand and repleted the lateral shuffle back
to the start line leading with the opposite foot, facing in the same direction out and back. The
soldier’s feet did not cross and remained parallel to each other and perpendicular to the
direction of travel. If the soldier failed to touch the 25-meter line with the hand and foot, the
grader called them back to do so.
Carry: Soldiers grasped the handles of the two 40-pound kettlebells and sprinted for 25 meters,
touched the 25-meter line with the foot only, and return to the start line. After crossing the start
line, the kettlebells were placed on the ground without dropping them. If the soldier failed to
touch the 25-meter line with the foot, the grader called them back to do so. If the soldier dropped
the kettlebells at the start line, the grader called the soldier back to re-place them under control.
Sprint: Soldiers then turned and sprinted 25 meters, touched the 25-meter line with foot and
hand, turned and sprinted back to the start line. If the soldier failed to touch the 25-meter line
with the hand and foot, the grader called the Soldier back to do so.
ACFT Event 5: Leg Tuck (LTK)

Figure 5. Illustration of leg tuck (15).

The LTK ACFT event (Figure 5) is designed to measure grip, shoulder, core, and hip flexor
strength (15). These muscles assist in soldiers completing tasks such as load carriage and
climbing over, onto, or across obstacles, ropes, or the ground; and assist in preventing lower and
upper back injuries (9, 14, 15). (Note: At the time of this data collection the Army was using the
leg tuck. Other options (e.g. plank) have since been put into place.) The LTK measures the fitness
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component of muscular strength and local muscular endurance (14, 15, 18). The LTK pull up bar
was constructed with a smooth unpainted galvanized steel bar 1.75 inches in diameter (4.5 cm),
62 inches in length (157 cm), and 86 inches in height (218 cm) (9, 15). The Army’s instructions
follow:(15)
Preparatory phase: on the command, “GET SET,” the soldier assumed a straight-arm hang on the
bar, with feet off the ground, knees bent if necessary. The grip was the alternating grip with
hands no more than a fist’s width apart—as measured by the grader. The body was positioned
perpendicular to the bar. The soldier’s elbows, body, and legs were straight. Legs and feet not
crossed. Feet could not contact the ground or the climbing bar. Taller soldiers bend their knees
if necessary.
Upward movement phase: on the command, “GO,” the soldier flexed at the elbows, knees, hips,
and waist and brought the knees up. The elbows flexed (they cannot remain fully extended or
straight). The right and left knees or front of the thighs had to touch the right and left elbows or
back of the upper arm respectively, so they touched or are in contact with the elbows at the same
time. The grader must observe both knees in contact with the elbows or upper arms for the
soldier to receive credit for the repetition.
Downward movement phase: The soldier returned under control to the straight-arm hang position
to complete the repetition. If the elbows remained bent, that repetition did not count. Deliberate,
active swinging of the trunk and legs to assist with the exercise was not permitted. Small,
inconsequential or passive movement of the body and twisting of the trunk was permitted. The
soldier was allowed to rest in the down position.
[Event Termination] The event ended when the soldier voluntarily stoped or droped from the
bar. Using the ground or post to rest or push from between repetitions also terminated the event.
ACFT Event 6: Two-Mile Run (2MR)
The 2MR event is designed to measure aerobic endurance (14, 15). The ability to walk or run
over extended distances pertains to common soldier tasks such as dismounted movement, ruck
marching, and infiltration (15). The 2MR measures the fitness component of aerobic capacity
(14, 15, 18, 23). The run was completed on an level, outdoor track as follows (14, 15).
On the command, “GO,” the clock started ( T-150 display clock, Epic Sports, Bel Aire, KS, USA)
and the soldier began running at their own pace, completing the 2-mile distance without
receiving any physical help. The soldier was allowed to walk or pause but would not be picked
up, pulled, or pushed in any way. The soldier was allowed to be paced by another soldier. Verbal
encouragement was permitted. If the soldier left the course at any time or at any point before
completing the 2-mile distance, the event was terminated.
Mobility Assessment: Participants completed the overhead squat and 90/90 switch assessment
to evaluate flexibility, mobility, and overall movement capability (19). Three points were
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available per mobility assessment for a maximum score of six possible points. Mobility
assessments were scored 0 to 3; with 0 being unable to do the movement or the movement elicits
pain, and 3 being able to fully complete the movement without pain or point deductions. Points
were subtracted for each major movement discrepancy (noted below). The TAP-C fitness experts
were trained in how to score the mobility tests and do these assessments regularly as a part of
their TAP-C duties.The same individual graded all soldiers on each assessment. The results of
these screens inform fitness experts on readiness to work safely underload, as poor technique is
associated with a heightened risk of injury (17, 35).
Overhead Squat: participants started with their hands raised overhead holding a wooden dowel
with arms lined up with the ear at the side of the head, eyes looking straight ahead, feet flat and
pointed straight forward with the foot/ankle/knee and hip complex in neutral position (Figure
6). Soldiers then lowered into a squat position over their heels (roughly a seated position),
hesitated, then returned to the starting position. Soldiers repeated the squat five times while
being observed from the front and side positions. Points were deducted for: coming up on the
toes, knees collapsing inward, significant rounding of the spine, or major shifting to one side.

Figure 6. Overhead
movements.

squat

Figure 7. 90/90 Switch Assessment.
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90/90 Switch Assessment: from a seated position soldiers put their front and back legs in a 90degree angle, one hip internally and the other externally rotated (Figure 7). The knee of the
externally rotated leg was pressed into the ground driving the hips up, then slowly lowered to
the ground changing the hip rotations. The movement is repeated. Soldiers were allowed to
move both legs together or one leg at a time. Points were deducted for: heels moving from the
starting position, having to put a hand on the ground to complete the movement, or the inability
to get both knees on the ground.
Grip Strength: Participants completed the hand grip strength tests using a baseline hydraulic
hand dynamometer (Sorinex, Lexington, SC, USA.). This test measures the fitness component of
muscular strength (19). The hand dynamometer was grasped between the fingers and the palm,
at the base of the thumb in the hand being tested. When ready, it was gripped as hard as possible
while simultaneously raising the arm from the side to directly out in front until parallel with the
ground. This process was completed once for the right and once for the left hand.
Standing Broad Jump: Participants stood with feet shoulder width apart in front of the starting
line. They squatted down, then explosively jumped as far forward as possible, landing on both
feet without putting their hands down. The distance from the starting line to the back of the heel
was measured with a tape measure (PMT3 surveyor’s tape measure, Perfect Measuring Tape
Company, Toledo, OH USA). This test measures the fitness component of muscular power (19).
The distance of the jump was measured by a TAP-C instructor. If the participants fell backwards
and touched the ground with their hand and/or took a step forward or backward after landing
the attempt was not scored. Participants received three test attempts, with the longest jump
recorded.
Maximum Pull-Ups: This test measures local muscular endurance, provided the repetitions are
submaximal (19). The test was administered by a member of the TAP-C staff. The participants
suspended themselves, arms extended from handles mounted on the workstation rack (Power
rack, Sorinex, Lexington, SC, USA). The palms of the hands were oriented away from the body.
Participants pulled themselves up in a controlled manner until the chin was parallel or above
the knuckles, and then lowered their body in a controlled manner back down to the fullyextended hanging position. Movement from the fully-extended hanging position and back
constituted one repetition. Participants completed as many repetitions as possible.
Physical Training
Table 1 provides a side-by-side comparison of the training activities across the 12 – week course
for both groups.
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Table 1. Comparison of training activities by group
TAP-C Training
# Training Sessions

25 (75 min. each)

Resistance Training
Running
Tactical Circuits
Recovery Sessions (Field Based)

Traditional Training
Comparison Group
25 (75 min. each)

10

None

7

12

4

13

4

0

Traditional training group: conducted tactical circuit training for 13 of the 25 physical training
sessions. Ten different circuit training plans were created to use in rotation on circuit training
days. Eight of the 10 plans directly incorporated one or more of the ACFT events as an exercise
station. The remaining 12 sessions were running focused to develop the aerobic and anaerobic
endurance necessary to succeed on the ACFT.
The traditional training group did not resistance train. They had access to items such as medicine
balls, large tires, kettlebells, and a few weights, but did not use these in their organized training.
TAP-C training group: dedicated four of 25 sessions to tactical circuits. The exercises targeted
overall fitness improvement. They resistance trained for 10 of the 25 physical training sessions.
Soldiers were assigned to tiered training groups based on technique quality and strength. Those
assigned to the group requiring more technique training conducted modified exercises until the
needed skills had been learned.
The TAP-C group controlled for running volume and did not run further than 200 meters during
each running session. A portion of every scheduled running day was dedicated to improving
running form. The TAP-C group also committed four of 25 physical training sessions to low
impact, field-based active recovery on days that required demanding military training that was
not a part of the fitness training program (e.g. ruck marching).
Statistical Analysis
Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) for
Macintosh Version 27 (IBM Corporation, Armonk, New York, NY, USA) and Microsoft Excel
2018 (Microsoft, Redmond, WA, USA). Analysis of covariance (ANCOVA) was used to evaluate
main effects of company on the ACFT and TAP-C physical test battery for this retrospective
cohort study. The covariates of pretest score differences and sex were controlled for during main
effect testing. An a priori alpha level of 0.05 was used to determine statistical significance.
Bonferroni post-hoc analysis was conducted on all significant main effect findings. Partial EtaSquared (ηp2) effect sizes were calculated for each outcome variable. Effect sizes were classified
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as small (0.01), medium (0.06), and large (0.14) (13). The data failed tests of normality and
homogeneity of variance; however, these violations are negligible with the large sample size
and generally equal sized group (30). The covariates violated the homogeneity of regression
slopes assumption on instances of main effect testing; however, the statistical model was robust
to these violations.
RESULTS
There was a significant effect of group on ACFT overall performance (N=228), F(1, 223) = 12.8,
p < 0.001 with a medium effect size (ηp2 = .054). There was also a significant effect of group on
the performance of five of the six ACFT events: MDL, F(1, 223) = 5.44, p = 0.021; HRP, F(1, 223)
= 11.67, p < 0.001; SDC, F(1, 223) = 20.06, p < 0.001; LTK, F(1, 223) = 16.95, p < 0.001; and 2MR,
F(1, 223) = 23.76, p < 0.001. The effect size for MDL (ηp2 = .024) was small. The effect sizes for
HRP (ηp2 = .050) and LTK (ηp2 = .071) were medium. The effect sizes for SDC (ηp2 = .083) and
2MR (ηp2 = 0.096) were medium to large. There was no significant effect of group on SPT
performance, F(1, 223) = .067, p = 0.80. Post-hoc analyses indicated the traditional company
performed significantly better on muscular, anerobic and aerobic endurance focused events on
the ACFT, HRP, SDC, LTK, and 2MR, and the TAP-C company performed significantly better
on muscular strength and exploseive powever events (ACFT MDL) as well as mobility
assessments (Table 2 and Figure 8). Tables include the percentage difference in points scored
between groups at the top for easy comparison.
Table 2. Army Combat Fitness Test Post-test Results.
Post Test Score (0 - 100 pts)
Mean
Adj Mean
SE
*ACFT
TAP-C
494.2 ± 54.3
496.32
2.4
Traditional
510.4 ± 54.1
508.36
2.35

Mean

Post Test Score (raw)
Adj Mean

SE

-

-

-

*MDL
TAP-C
Traditional

80.5 ± 13.7
81.7 ± 13.7

82.47
79.83

0.79
0.78

Pounds
249.8 ± 67.3
255.2 ± 67.1

Pounds (Kg)
359.5 (163)
245.8 (11.5)

3.3
3.3

SPT
TAP-C
Traditional

77.2 ± 12.0
76.6 ± 11.3

76.99
76.75

0.66
0.64

Meters
8.9 ± 2.3
8.87 ± 2.3

Meters
8.8
8.9

0.09
0.09

*HRP
TAP-C
Traditional

82.4 ± 10.1
85.5 ± 9.7

82.3
85.59

0.69
0.68

Repetitions
42.1 ± 10.9
45.6 ± 10.7

Repetitions
41.8
45.9

0.72
0.71

Time
(min:sec)
1:54
1:51

0:03
0:03

*SDC
TAP-C
Traditional

Time (min:sec)
85.9 ± 11.5
89.7 ± 11.0

86
89.62
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*LTK
TAP-C
Traditional

Repetitions
10.4
0.31
12
0.3
12
Time
*2MR
Time (min:sec)
(min:sec)
TAP-C
88.3 ± 8.6
88.48
0.56
15.09 ± 1:26
15:06
0:06
Traditional
92.4 ± 8.0
92.3
0.55
14.24 ± 1:30
14:27
0:06
*Indicates statistically significant (P < .05) difference between TAP-C Group and Traditional Group. Abbreviations:
Adj, adjusted; ACFT, Army Combat Fitness Test; MDL, 3-Repetition Maximum Deadlift; SPT, Standing Power
Throw; HRP, Hand-Release Push-Up; SDC, Sprint-Drag-Carry; LTK, Leg Tuck; 2MR, 2-Mile Run; SD, Standard
Deviation; SE, Standard Error; Kg, kilograms
79.9 ± 11.9
84.4 ± 12.8

79.87
84.46

0.79
0.78

Repetitions
10.1 ± 5.8
12.3 ± 6.3

There was a significant main effect of group on the performance of three of the four TAP-C
physical tests: mobility assessment (MS), F(1, 165) = 17.77, p < 0.001; grip strength (GS), F(1, 165)
= 33.52, p < 0.001; and standing broad jump (SBJ), F(1, 165) = 13.65, p < 0.001. The effect size for
MS (ηp2 = .097) and SBJ (ηp2 = 0.076) was between medium and large. The effect size for GS
(ηp2 = 0.17) was large. There was no significant effect of group on maximum chin-ups (CU)
performance, F(1, 165) = 1.82, p = 0.18. Post-hoc analyses indicated the TAP-C company
performed significantly better on the SBJ, MS, and GS (Table 3 and Figure 8).

Figure 8. Army Combat Fitness Test Posttest Results. *Indicates statistically significant (p < 0.05) difference between
TAP-C Group and Traditional Group. Values for points scored reflect the adjusted mean and standard error of the
mean after controlling for the covariates of pretest score differences, sex, and prior participation in collegiate
athletics. Effect size (ηp2): small (0.01), medium (0.06), and large (0.14). % is difference in points scored between
groups. Abbreviations: ACFT, Army Combat Fitness Test; MDL, 3-Repetition Maximum Deadlift; SPT, Standing
Power Throw; HRP, Hand-Release Push-Up; SDC, Sprint-Drag-Carry; LTK, Leg Tuck; 2MR, 2-Mile Run.
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Table 3. Tactical Athlete Performance-Center Physical Test Battery Posttest Results
Mean
Adj Mean
SE
*Mobility Assessment
Points
TAP-C
4.5
4.5
0.1
Traditional
4
3.9
0.1
2
lb-force/in
*Grip Strength
lb-force/in2
(kg-force/mm2)
TAP-C
230.4
231.9 (0.16 )
2.3
Traditional
214
212.4 (0.15)
2.5
*Standing Broad Jump
Inches
Inches (meters)
TAP-C
84.5 ± 12.8
84.6 (2.1)
0.9
Traditional
80.0 ± 11.1
80.0 (2.0)
0.9
Maximum Pull-Ups
Repetitions
Repetitions
TAP-C
11.7
11.4
0.3
Traditional
11..6
12
0.31
*Indicates significant (p < 0.05) difference between TAP-C Group and Traditional Group. Abbreviations: SD,
Standard Deviation; SE, Standard Error; lb-force/in2, pound-force per square inch; kg-force/mm2, kilogram-force
per square millimeter.

Figure 9. TAP-C Physical Test Battery Posttest Results. *Indicates significant (p <0 .05) difference between
Intervention Group and Comparison Group. Values for points scored reflect the adjusted mean and standard error
of the mean after controlling for the covariates of pretest score differences, sex, and prior participation in collegiate
athletics. Effect size (ηp2): small (0.01), medium (0.06), and large (0.14). Percentages are the differences in points
scored between groups. % is difference in points scored between
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The data for the group of soldiers who took the ACFT was compared to the group of soldiers
who took both the ACFT and TAP-C physical test battery (Figure 9). The analysis found no
significant (p < 0.05) difference of main effects or post-hoc results between groups.
DISCUSSION
This study compared fitness outcomes in Army OCS soldiers after 12 weeks of participation in
one of two 12-week physical training programs: 1) a fully resourced physical training program
designed by certified fitness experts; and 2) a traditional physical training plan using standard
equipment designed and led by OCS soldiers. The training outcomes of the two programs were
assessed via ACFT event scores and a TAP-C physical test battery. The results unsurprisingly
revealed physical fitness outcomes were a direct result of the focus of the fitness program and
equipment available, demonstrating the importance of fitness program type and resources.
The fitness program for each group varied by content and focus. The TAP-C group’s physical
training goal was to improve overall physical fitness while preventing injury (10), while the
more traditional comparison group focused on ACFT score improvement. The physical training
principle of specificity states exercise adaptations in individuals are directly related to the
specific way they train (19). The traditional training group specifically trained for the ACFT and
likely performed better on many of the events as a result (hand-release push-ups, 250-meter
shuttle-run, hanging leg tuck to elbows, and 2-mile run). There is also a possibility that
repetitively training the specific ACFT events over the course of 12-weeks resulted in score
improvement resulting from technique refinement, rather than physical fitness adaptations.
Research suggests the overall design of the TAP-C physical training program may influence
long-term physical health through the supervision of exercise technique (19, 29) and control of
running volume (26).The participants in the TAP-C group received coaching and education to
understand and improve weightlifting technique. Soldiers were not allowed to increase exercise
weight until they demonstrated proper weightlifting technique. The availability and use of
strength training resources likely accounted for the TAP-C training group outperforming the
traditional training group on the ACFT maximum dead lift event and the grip strength test, as
both of these assess muscular strength. They also did better on the standing broad jump, likely
due to prioritizing strength and explosive training over aerobic training This focus on form
possibly resulted in reduced training effects over the 12-week period for those soldiers training
with less weight or volume. However, focus on form likely resulted in the TAP-C training group
performing better on the mobility assessment, grip strength, and standing broad jump. Research
indicates proper movement technique is associated with a reduced risk of injury, especially
during weightlifting (17, 35). Unfortunately, injury data was not available for this study.
Interestingly, there was no significant performance difference between groups for the 10-pound
medicine ball standing power throw. This supports research from our laboratory(1) suggesting
outcomes in the standing power throw event are related to physical parameters of hand size and
lower leg length, but not to long-term training.
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The TAP-C group received instruction on running form, ran on fewer days and for shorter
distances, and had built-in recovery days. The link between proper running technique and
injury is not as clear in the literature as the link between weightlifting technique and injury.
However, research does suggest running form improvement may have long-term health
benefits (12).
The training outcome differences found after a 12-week course may be different if the training
continued for the long term. The literature supports the most common type of musculoskeletal
injury in the military is associated with overuse (2, 3, 8, 20, 32, 34). A majority of overuse injuries
are caused by a lack of recovery time after exercise, excessive physical exertion of a particular
muscle group, or excessive overall physical training volume (3). The lower running volume and
extended rest time of the TAP-C training group likely explains why the traditional training
group performed better on the ACFT 2-mile run event. However, research suggests continuing
with the traditional training group program long term may set soldiers up for additional injuries
over time compared to the TAP-C training group (2, 10, 24-26). Past injuries have been shown
to be highly predictive of future injury and disability (22, 31). The deleterious long-term impact
of injuries goes beyond physical disability, as both mental health and sleep quality have been
found to decline as the number of musculoskeletal pain sites increases (21). Additional research
into the impact of Army physical training changes on injury is important and ongoing.
The ACFT was designed to evaluate a broad range of physical fitness components compared to
the previous fitness test (APFT) which assessed only sit-up, pushups and 2 mile run time. Thus,
specifically training for the ACFT (not uncommon in military units) likely produces a broad
training effect that translates into functional combat performance. This highlights the value of a
comprehensive physical fitness test which results in diversification of training to achieve the
desired performance on each event.
There are several limitations associated with this study. One group had a 2-week exodus of the
soldiers from OCS for the holidays that occurred within the 12-week training period. The
individual physical training choices the soldiers made during their time away from OCS may
have influenced the study training results. The traditional training comparison group was
chosen to match daily training activities and time of year with the TAP-C group. It was realized
after data collection began that the soldier in charge of the comparison unit training had spent
several months working at the TAP-C. Thus, he had additional knowledge of fitness and
training compared to many unit leaders which likely impacted his training plan. Finally, future
studies should assess body composition and musculoskeletal injury data (injury data was not
available for the current study). The musculoskeletal injury data can inform on long-term and
immediate health effects associated with the training programs.
This study found differences in training effects between a 12-week, fully resourced physical
training program designed by certified fitness experts and a more traditional, less-resourced
physical training plan designed and led by OCS soldiers. Movement quality significantly
improved when soldiers received fitness expert coaching and education. Soldiers with access to
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strength training equipment were significantly stronger than their counterparts without access.
Training plans designed to increase ACFT performance were successful for many of the
individual test events. Future research should examine the long-term health and performance
effects of incorporation of fitness experts and strength training resources into conventional US
Army physical training.
ACKNOWLEDGEMENTS
The researchers would like to thank the U.S. Army Center for Initial Military Training, Fort
Eustis, Virginia for authorizing this study. We would like to thank the professionals associated
with the TAP-C and OCS, Fort Benning, Georgia and the Warrior Research Center, Auburn AL
for their dedication of time and resources to make this research possible.
REFERENCES
1. Agostinelli PJ, Braxton AL, Frick KA, Sefton JM. Anthropometrics impact army combat fitness test performance
in reserve officer training corps cadets. Mil Med 2022.
2. Almeida S, Williams K, Shaffer R, Brodine S. Epidemiological patterns of musculoskeletal injuries and physical
training. Med Sci Sports Exerc 31(8):1176-1182, 1999.
3. Army. Technical bulletin medical 592 prevention and control of msk injuries associated with physical training: Department
of the Army2011. Available from: Department of the Army.
4. Army. Fm 7-22 army physical readiness training. In: TRADOC editor2012.
5. Army. Army combat fitness test. In. US Army: United States Army Center for Initial Military Training; 2020.
6. Army. Atp 7-22.01 holistic health and fitness testing. In: 2020.
7. Army. Fm 7-22 holistic health and fitness. In: 2020.
8. Army. Health of the force. In: U.S. Army Public Health Center; 2020.
9. Army Dot. Army combat fitness test - initial operating capability. In: 2019.
10. Bigham DJ. Human performance office (hpo) tactical athlete performance center (tap-c) white paper. In: 2018.
11. Brading T. Holistic health added to army fitness doctrine. Army News Servic [Internet]. 2020. Available from:
https://www.army.mil/article/239475/holistic_health_added_to_army_fitness_doctrine.
12. Chan ZYS, Zhang JH, Au IPH, An WW, Shum GLK, Ng GYF, Cheung RTH. Gait retraining for the reduction of
injury occurrence in novice distance runners: 1-year follow-up of a randomized controlled trial. Amer J Sports Med
46(2):388-395, 2018.
13. Cohen J. Statistical power analysis for behavioral sciences. In: Academic Press; 2013.
14. Department of the Army. Army combat fitness test. In: United States Army Center for Initial Military Training;
2020.

International Journal of Exercise Science

1344

http://www.intjexersci.com

Int J Exerc Sci 15(4): 1326-1346, 2022
15. Department of the Army. Atp 7-22.01 holistic health and fitness testing. In: 2020.
16. Emmons SR. Increasing army readiness through the implementation of a physical training corps: US Army Command
and General Staff College Fort Leavenworth United States2018. Available from: US Army Command and General
Staff College Fort Leavenworth United States.
17. Fares MY, Fares J, Salhab HA, Khachfe HH, Bdeir A, Fares Y. Low back pain among weightlifting adolescents
and young adults. Cureus 12(7):1-9, 2020.
18. Haff GG, Triplett NT. Essentials of strength training and conditioning. 4 ed.: Human Kinetics; 2015.
19. Haff GG, Triplett TN. Essentials of strength training and conditioning. 4 ed.: Human Kinetics; 2015.
20. Hauret KG, Jones BH, Bullock SH, Canham-Chervak M, Canada S. Musculoskeletal injuries: Description of an
under-recognized injury problem among military personnel. Am J Prev Med 38(1S):S61-S70, 2010.
21. Kamaleri Y, Natvig B, Ihlebaek CM, Benth JS, Bruusgaard D. Number of pain sites is associated with
demographic, lifestyle, and health-related factors in the general population. Eur J Pain 12:742-748, 2008.
22. Kamaleri Y, Natvig B, Ihlebaek CM, Bruusgaard D. Does the number of musculoskeletal pain sites predict work
disability? A 14-year prospective study. Eur J Pain 13:426-430, 2009.
23. Kenney WL, Wilmore JH, Costill DL. Physiology of sport and exercise. Human kinetics; 2015.
24. Kraemer WJ, Vescovi JD, Volek JS. Effects of current resistance and aerobic load-bearing performance and the
army physical fitness test. Mil med 169:994-999, 2004.
25. Mazzetti SA, Kraemer WJ, Volek JS, Duncan ND, Ratamess NA, Gómez AL, Newton RU, Häkkinen K, Fleck SJ.
The influence of direct supervision of resistance training on strength performance. Med Sci Sports Exerc 32(6):11751184, 2000.
26. Molloy JM. Factors influencing running-related musculoskeletal injury risk among u.S. Military recruits. Mil
Med 181(6):512-523, 2016.
27. Molloy JM, Pendergrass TL, Lee IE, Hauret KG, Chervak MC, Rhon DI. Musculoskeletal injuries and united
states army readiness. Part ii: Management challenges and risk mitigation initiatives. Mil Med 185(9-10):1472-1480,
2020.
28. Navalta JW, Stone WJ, Lyons S. Ethical issues relating to scientific discovery in exercise science. International
Journal of Exercise Science 12(1)2019.
29. NSCA. Benefits of a qualified professional. National Strength and Conditioning Association:1-2, 2017.
30. Priviter GJ. Statistics for the behavioral sciences. Sage Publications Inc.; 2018.
31. Richmond SA, Fukuchi RK, Ezzat A, Schneider K, Schneider G, Emery CA. Are joint injury, sport activity,
physical activity, obesity, or occupational activities predictors for osteoarthritis? A systematic review. J Orth Sports
Phys Ther 43(8):515-B519, 2013.
32. Ruscio B, Smith J, Amoroso P, Anslinger J, Bullock S, Burnham B, Campbell J, Chervak M, Garbow K, Garver R.
Dod military injury prevention priorities working group: Leading injuries, causes and mitigation recommendations: Assistant
Secretary of Defense H Affairs; 2006. Available from: Assistant Secretary of Defense

International Journal of Exercise Science

1345

http://www.intjexersci.com

Int J Exerc Sci 15(4): 1326-1346, 2022
33. School OC. Officer candidate school (ocs). In. US Army2020.
34. Teyhen DS, Goffar SL, Shaffer SW, Kiesel K, Butler RJ, Tedaldi A, Prye JC, Rhon DI, Plisky PJ. Incidence of
musculoskeletal injury in us army unit types: A prospective cohort study. J Orthop Sports Phys Ther 48(10):749757, 2018.
35. Vahdat I, Rostami M, Tabatabai GF, Khorramymehr S, Tanbakoosaz A. Effects of external loading on lumbar
extension moment during squat lifting. Int J Occup Med Environ Health 30(4):665-679, 2017.

International Journal of Exercise Science

1346

http://www.intjexersci.com

